The effect of partial replacement of soybean meal protein with guar (Cyamopsis tetragonoloba) meal protein on the cost-effectiveness of pig fattening Soaring demand for meat across the world has prompted an active search for alternatives to traditional protein sources. The aim of this study was to determine whether guar meal could be used as a source of protein in diets for growing-nishing pigs. The experiment was performed on 64 crossbred pigs produced by simple commercial crossbreeding [ (Polish Landrace × Polish Large White) × ( Pietrain × Duroc)]. The animals were fattened from average body weight (BW) of 30.1 kg to 112.2 kg. Control group (1) pigs were fed complete cereal-soybean meal (SBM) diets. In experimental groups 2, 3 and 4, SBM protein was partially replaced with guar meal protein in the amount of 25, 50 and 75%, respectively. All pigs were characterized by high fattening performance. Average daily gain (ADG) was highest in group 2, with no statistically significant difference relative to the control group, and signi cant differences relative to groups 3 and 4. The highest fattening performance was achieved in group 2 pigs fed diets containing 25% of guar meal protein, which were characterized by the highest growth rate and the lowest feed conversion ratio (FCR). An economic analysis revealed that feed cost per kg BW gain was lowest in group 2 in the 2nd stage of fattening (PLN 2.99).
INTRODUCTION
The availability of low-cost and highquality and safe feed poses a challenge in animal production (Okorski et al. 2017) . There is a high demand for feed additives capable of improving the palatability, nutritional value and quality of meat (Karpiesiuk et al. 2013 , Lisiak et al. 2014 , Lebret et al. 2015 , Karpiesiuk et al. 2016 . At present, the diets fed to monogastric animals, including pigs, are composed mainly of cereals and soybean meal (SBM) as the main source of protein. The significance of rational use of protein sources in pig nutrition has been recognized already in the 1970s by Grudniewska (1975) . Recent years have witnessed a growing popularity of organic foods as a source of healthy and safe nutrition. This trend has contributed to an increase in the number of organic farms. Consumers around the globe have a growing interest in food products containing non-genetically modified ingredients. Pig fattening based on non-GM feeds may pose an alternative to intensive production systems that rely on GM feeds. There is a high demand for alternative low-cost sources of dietary protein in animal nutrition. Polish researchers have been investigating local feed protein sources as an alternative to SBM (Hanczakowska and Ksi ak, 2012 , So ta et al. 2015 , Kaczmarek et al. 2016 , So ta et al. 2016 , and the use of indigenous protein crops in pig nutrition has been researched around the world (Písa íková and Zralý 2009 , Crépon et al. 2010 , Smith et al. 2013 .
In addition to locally grown protein crops, another alternative feed protein source to SBM could be guar meal which is obtained from guar plants of the family Fabaceae, genus Cyanopsis, with the botanical name Cyamopsis tetragonoloba (L.) Taub (Kulthe et al. 2017) . Guar is grown mainly in India, Pakistan and Africa (Saeed et al. 2017) , therefore guar meal is not a popular feed ingredient in Poland. Guar is the source of guar gum, whereas guar meal is a byproduct of seed processing. According to research studies conducted in the 1980s, pig diets can be supplemented with up to 6% of guar meal (Heo et al. 1987) . Guar meal contains 48-52% protein and 10% dietary fiber. The widespread use of guar meal in pig and poultry diets is limited due to its relatively high fiber content and high levels of trypsin inhibitors. However, thermal processing inactivates more than 80% of trypsin inhibitors in guar meal. Guar meal is rich in arginine, but it is deficient in threonine, methionine, lysine, leucine and isoleucine (Verma and McNab 1984) . Therefore, diets containing guar meal as the main protein source should be supplemented with the above amino acids. According to Humphrey et al. (2018) , improved new guar meal products, although regarded as unpalatable and possibly toxic, can be a promis-ing and inexpensive alternative protein source in animal nutrition because they contain large amounts of protein and carbohydrates. Since the introduction of the ban on the use of meat and bone meal in animal feeds, SBM has been the most popular, but also an expensive source of feed protein in Poland. In view of the above, the search for protein sources that could effectively replace SBM in animal nutrition should be continued.
The aim of this study was to determine whether guar meal could be used as a high-protein substitute for SBM in diets for finishing pigs.
MATERIALS AND METHODS
The experiment was conducted at the Animal Research Laboratory in Ba cyny, administered by the Department of Pig Breeding, University of Warmia and Mazury in Olsztyn. The experimental material comprised 64 F 2 crossbred pigs produced by simple commercial crossbreeding [ ( Polish Landrace × Polish Large White) × ( Pietrain × Duroc)], with average initial body weight (BW) of 30.1 kg. The animals were divided into four groups by the analog method, based on BW, age and sex, and were placed in pens measuring 2.5 m × 2.5 m, with 4 pigs per pen. Before the experiment, all animals were weighed individually, marked and allocated to groups fed complete diets differing in protein source: 1 -C (control, with SBM as the main protein source); 2 -(25% of SBM was replaced with guar meal protein); 3 -(50% of SBM was replaced with guar meal protein); 4 -(75% of SBM was replaced with guar meal protein). During the fattening period, all pigs were weighed at two-week intervals. The animals were slaughtered in a meat processing plant at average BW of 112.2 kg. The BW of pigs, feed intake and feed intake per kg BW gain (FCR) were recorded throughout the experiment.
During two-phase fattening (stage 1-30 to 70 kg BW, stage 2 ->70 kg BW), pigs were fed complete diets formulated in accordance with the Pig Nutrient Requirements, Polish edition (1993). The diets contained ground barley, ground wheat, soybean meal and guar meal in experimental groups. All diets were supplemented with commercial premix at 3 and 2.5% in the 1st and 2nd stage of fattening, respectively ( Table 1 ). The animals had free access to water throughout the experiment.
Samples of experimental diets were analyzed for nutrient content, including crude protein, crude fat, crude fiber, dry matter and crude ash, by standard methods, at the Analytical Laboratory of the Department of Animal Nutrition and Feed Science, University of Warmia and Mazury in Olsztyn.
The cost of complete diets was calculated based on their composition (feed ingredients) in the 1st and 2nd stage of fattening, and the prices of feed components in the 1st quarter of 2018. Since all pigs were kept under identical conditions during the experiment, feed efficiency was determined according to the sim- plified method proposed by Kim et al. (2017) where only feed cost was taken into account.
The results were processed statistically by one-way analysis of variance (ANOVA), and the significance of differences between mean values in groups was estimated by Duncan's test (Statistica 13.3).
RESULTS AND DISCUSSION
The chemical composition of diets fed to pigs is presented in Table 2 . The crude protein content of diets was consistent with the protein requirements of pigs (1993), and it ranged from 17.03 to 17.70% in the 1st stage of fattening, and from 14.69 to 15.57% in the 2nd stage of fattening. The fat content of diets was relatively low, from 0.84% in the control group in the 2nd stage of fattening to 1.75% in experimental group 3 in the 2nd stage of fattening. Along with the increase in the share of guar meal, the fat content in the feed increased. The crude fiber of diets varied, but it did not exceed the maximum permissible level throughout the fattening period. All diets had similar dry matter content, ranging from 90.78 to 91.02%. The calculated concentration of metabolizable energy ranged from 12.93 MJ in the control diet in the 2nd stage of fattening to 13.48 MJ in experimental diet 3 in the 1st stage of fattening.
Mortality were not reported in any of the groups during the fattening period. In groups 3 and 4, diarrhea was noted in the initial phase of feeding diets with guar meal, but the symptoms subsided after several days of adaptation to the new feed. No treatment was required because feed intake did not decrease in groups 3 and 4, and weight loss was not observed. The fattening performance of pigs is presented in Table 3 . No significant differences were found between groups during the fattening period which lasted from 97 days in group 1 to 101 days in groups 3 and 4. The average initial BW of pigs ranged from 30.1 kg in group 4 to 30.23 kg in the 1 group, and their average final BW at the end of fattening was as fol- Means with the same letters differ signi cantly between groups P 0.05 lows: 115.3, 117.0, 109.8 and 106.8 kg in groups 1, 2, 3 and 4, respectively. Significant differences (P 0.05) in average final BW were noted between groups 1 and 2, and between groups 3 and 4.
As shown in Table 3 , partial replacement (50 and 75%) of SBM with guar meal had an adverse effect on average daily gain (ADG) during fattening period. Pigs from the C group and group 2 were character-ized by higher ADG (P 0.05) compared with groups 3 and 4. In a study by Heo et al. (1987) , pigs fed diets containing 3, 6, 9 and 12% of guar meal were characterized by significant differences in ADG which reached 693 and 616 g in animals receiving 9 and 12% of guar meal, respectively, compared with 757 g in the 1 group and 727 and 722 g in animals fed 3 and 6% of guar meal, respectively. Other studies investigating alternative protein sources to SBM in pig nutrition also produced satisfactory results (Thacker and Racz 2001, Roht-Maier et al. 2004) . Castell and Cliplef (1993) demonstrated that growing-finishing pigs fed diets containing 12.4% of canola meal and 14.1% of pea screenings or 6.1% of canola meal and 28.3% of pea screenings achieved ADG of 850 and 880 g, respectively. Similar ADG (880 g) was reported by Müller and Bielfeldt (2013) in whose study, pigs were fed diets with rapeseed meal in the amount of 31.2 and 16.5% in the 1st and 2nd stage of fattening, respectively.
In the present study, feed intake per kg BW gain could be regarded as good. Table 3 data indicate that FCR values increased with increasing dietary inclusion levels of guar meal. However, the differences between mean values in groups were not significant.
The cost of feed per kg of BW gain was calculated based on total feed intake and the prices of feed components in the 1st quarter of 2018. The prices of complete diets fed to pigs in the 1st and 2nd stage of fattening are presented in Table 4 .
The inclusion of guar meal in diets reduced the cost of feed, from PLN 5.40 in 2 group in the 2nd stage of fattening to PLN 22 in experimental group 3 in the 1st stage of fattening, compared to the diets containing soy meal. The lowest feed cost per kg body weight gain was incurred in group 2 in the 2nd stage of fattening -PLN 2.29. Although group 4 pigs received the cheapest feed, the cost of 1 kg BW gain was highest in this group -PLN 2.61 in the 1st stage of fattening and PLN 2.55 in the 2nd stage of fattening. So ta et al. (2015) performed a simplified feed cost and production income analysis and found that the cost of 1 kg feed per 1 kg BW gain was lower in pigs fed diets containing 5% of blue lupine as a supplementary protein source.
CONLUSION
The results of this study indicate that partial (25%) replacement of SBM with guar meal in complete diets for finishing pigs had no negative effect on their productivity. The dietary supplementation with guar meal at 25% was found to be economically justified. However, the above inclusion level of guar meal, used as a substitute for SBM in pig diets, should not be exceeded because greater amounts of guar meal could adversely affect the cost-effectiveness of pig fattening. Only a few studies have investigated the use of guar meal as an alternative protein source to SBM, therefore further research is needed to evaluate the efficacy of guar meal in pig nutrition.
